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ABSTRACT 
Objective - This paper investigated the intellectual structure of the cited journals by science doctoral 
students in the University of Ibadan, Nigeria through field-mapping mechanism namely co-citation 
analysis. The study also explored the relationship and its strength between the science disciplines in 
terms of journals that were co-referenced through bibliographic coupling analysis.  The deployment of 
bibliographic coupling techniques with co-citation analysis was adopted to model the pattern of 
scientific communications among scientists and scholarly journals. 
Methods - The scholarly citation data were collected from science doctoral theses submitted between 
2006 and 2013 across ten disciplines in the Faculty of Science, University of Ibadan. Variety of data 
techniques were deployed such co-citation analysis, factor analysis, and bibliographic coupling to 
identify the characteristics of the citation network, the subgroups that constituted the intellectual 
structure of the cited journals by science doctoral students, most influential journals, and degree of 
relation between science disciplines.  
Results - The bibliometric citation network analysis of science doctoral students revealed that 1,290 
journals were co-cited and 40.62% journals were co-referenced within two or more disciplines. Factor 
analysis revealed seven subgroups and network diagram largely matches the first subgroup which 
constitutes 88% of the journals with total variance explained of 51.21% while other subgroups were 
beclouded. 
Conclusion - The analysis provide insights about citation network structure, the influence of some 
journals and the fair rate of indices of cross disciplinary journals, which is a good harbinger of 
relationship among science disciplines, though degree of association with each other differs. 
Meanwhile, explicit identification of specialties (subgroups) from factor analysis is still subjected to 
further investigations perhaps using authors as a unit of analysis. 
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INTRODUCTION 
The scientific activities carried out by the doctoral scientists from various facets of science 
were based on worthy knowledge which are technology driven and this had brought about many 
innovations and yet more of it to come. These discoveries and innovations do not just come to being 
by chances; rather utilize existing knowledge in new scientific investigations (Burnie, 2008). This 
existing knowledge are often documented and communicated in the journal articles. Consequently, the 
advent of internet has tremendously made publishing of digital content more ever accessible; making 
spontaneous influx of scientific communication from diverse group of interacting scientists who are 
geographically dispersed forming scientists' social relationships (Estabroks et al., 2008; Wang, Jiang 
& Ma, 2010). 
As scientists engaged in active research during the course of their doctoral studies in the 
knowledge generating process, it is an herculean task for the researcher to dissect related published 
articles by other researchers in related fields (Su et al.,2009). Hence, “tracking researchers and 
articles in related fields are vital activities for the academic community” (Su et al., 2009, p.4287). 
Thus, there is clear need to explore the citations made in science doctoral students' theses in Faculty 
of Science, University of Ibadan to reveal the intellectual structure of science journals - depicting the 
connection and relationship within the disciplines. 
The University of Ibadan (UI) started off as the University College, Ibadan (UCI) which was 
founded in 1948. It was the first University in Nigeria which was then a College of the University of 
London in a special relationship scheme, until it became fully independent in 1962. The Faculty of 
Science of UI happens to be one of the three foundation faculties at the inception of the University. 
The foundation departments under Faculty of Science: Archaeology (later combined with 
Anthropology), Botany and Microbiology, Chemistry, Mathematics, Physics and Zoology. In later 
time, other departments: Geology, Statistics and Computer Science were established in 1959, 1965 
and 1974 respectively. 
Citation analysis is a technique used to explore the underlying methods and behaviours of 
authors toward referencing the works of others, in the course of doing theirs (Eyong, 2010). Using 
citation analysis in research evaluation is often based on citation counts, presuming the publications 
on the reference list are of quality and have impact on the author that cited such publications, and 
perhaps have intellectual influence (Smith, 1981).  
The citation network starts to build up when an article acknowledge the use of other earlier 
articles by referencing them (Havemann and Scharnhorst, 2012). This shows the existence of 
relationship among the referenced articles that influence the citing article. Thus, such cited works are 
said to be co-cited and the co-citation is based on the frequency of co-occurrence of the cited works in 
the same reference. When two or more articles shared one or more common references, such articles 
are said to be bibliographically coupled or co-referenced. The strength of connection in co-citation 
analysis is measured by the number of co-cited documents; the more co-cited documents are, the 
higher their co-citation strength. In contrast to bibliographic coupling which is measured by the 
number of shared references, the more shared references they have, the stronger their connection 
(Eom, 2009). In science mapping, the duo methods have been standard tools that tend to measure the 
degree of relationship or association between cited and co-referenced works for discovering the 
cognitive structure of research area and changes in patterns as the interests in the field changes (Eom, 
2009; Sándor, 2014). 
Co-citation analysis is a core element of citation analysis that examines the co-cited counts to 
reveal intellectual structure of many disciplines and keeps track of the evolution and impact of 
scientific knowledge over time (Zavaraqi, 2010). Though co-citation map has been rampantly used in 
exploring intellectual structure because of difficulties with extraction of bibliographic coupled counts 
from heavily data source such as Institute for Scientific Information (ISI) (Zhao and Strotmann, 
2008b). Few works on citation network analysis have been based on bibliographic coupled counts 
(Zhao and Strotmann, 2008a), such as Jarneving (2007), Zhao and Strotmann (2008a) and Sándor 
(2014).  
Citation network analysis can be performed at different units: author, journals, keywords etc., 
but it is mostly often done at author's unit than other units (Astrom, Danell, Larsen, & Schneider, 
2009; Chen and Lien, 2011; Jarneving, 2007; Nerur, Rasheed, & Natarajan, 2008; Olatokun and 
Makinde, 2009; Pilkington, 2006; White & McCain, 1998; Zhao and Strotmann, 2008a). For this 
study, the unit of citation analysis is the journal.   
Why journal as a unit of analysis? As revealed from the pilot study, the use of author as the 
unit of analysis for this study tends to widen the possibility of citing dissimilar authors in various 
science disciplines because of the authors’ specialties that differs within its discipline and across the 
entire science disciplines. Instead, the use of journal as the unit of analysis encompasses and 
accommodates enough articles from various authors from diverse subject areas within the same 
specialty and related ones. 
Numerous citation network analysis studies had been done in various fields such as 
information science (White and McCain, 1998), democracy-related (Liu and Wang, 2005), organic 
chemistry (Jarneving, 2007), knowledge utilization (Estabroks et. al, 2008), and operation 
management (Pilkington & Meredith, 2008). In Nigeria, myriad of citation analysis studies were 
carried out on students' academic research works in different fields: citation analysis on bachelor 
degrees' projects (Nikko and Adetoro, 2007; Iroaganachi, Iteskor, & Ifeakachuku, 2014, etc.); on 
masters’ dissertations (Okiy, 2003; Aina, 2006; Ejekwu, 2010, etc.), and on doctoral theses (Olatokun 
& Makinde, 2009; Donatus (2010); Eyong, 2010, etc.). Only Olatokun & Makinde (2009) conducted 
author's cocitation map of cited journals in doctoral theses in animal science department. By and 
large, studies mapping the intellectual structure in other disciplines are still lacking. 
This study tends to fill the literature gap with the aim of using citation data to map the 
intellectual structure of cited journals in science doctoral theses in University of Ibadan in directed 
network and to unveil the shared journal units among these science disciplines. This will give a broad 
understanding of the science doctoral theses' journal citation space - corresponding relation and 
connection between science disciplines. Precisely, it presents the visual and quantitative 
understanding of the interactions between cited journals in the science disciplines (Liu and Wang, 
2005).  This study is aimed to address the following research questions below: 
i. What are the structural characteristics of journal citation network of science doctoral 
students? 
ii. What are the subgroups that constitute the intellectual structure of science doctoral students' 
journal citations? 
iii. Which of the journals are the most influential on the science disciplines? 
iv. What are the percentages of shared or coupled journals among the science disciplines? 
In citation networking analysis, articles are referred to as nodes or vertices and citations are 
the links or edges that connect the corresponding author. In view of this, the following citation 
network key terms of interest are described below. 
Node: is a vertex that represents an individual such as journal, author, institution etc. within the 
network. Node is also called an actor. 
Network size: is the number of nodes in the network. 
Tie: is also referred to as an edge or line that links two or more nodes in the network together. In the 
network connection, if the edges indicate direction such network is called directed (asymmetric) 
network and if the edges are not directed, is called undirected (symmetric) network. The number of 
possible ties is k*(k-1) for directed network, and for undirected network is k*(k-1)/2, where k 
represent number of nodes present. The directed network indicates strong connection while undirected 
network indicates weak connection (Golbeck, 2013). 
Degree: is the number of edges connected to a node. If a node has no connected edge, then the degree 
of the node is zero. Whatever measures of degree calculated in a directed network, it computes in 
twosome: total number of ties sent (outdegree) and ties received (indegree). 
Density: is the ratio of available connections or edges in the network to the number of all possible 
connections within the network. For directed network, the density can be expressed as l / (k*(k-1)) 
where l is the number of the lines or edges present and k represent number of nodes present. The more 
connections within the network, the more densely it becomes (Jo, Jeung, Park, and Yoon, 2009). 
Geodesic: is the shortest path between two or more nodes. The geodesic length between those nodes 
is referred to as geodesic distance. In strengths of ties measures, the distance between two nodes 
defines the strengths of the shortest path between them (Suerdem and Bicquelet, 2014). 
Cohesion: measures how well the network is connected. It examines compactness of the network 
through testing the cut-point in the network, this is based upon distances between the nodes.  
Centrality: it measures how many connections one node has to other nodes, i.e. how the node 
dominate over others in the network (Suerdem and Bicquelet, 2014). The centrality could be 
measured in terms of the degree, closeness and betweenness of the node in the network. 
Degree centrality: is the degree of the node. The more the direct connection to the node, the better it 
is. Any indirect connection to the node is not considered in degree centrality measures. 
Closeness centrality: is the average of the shortest path from one node to every other node in the 
network. The lower the average value is, the closer the node to every other node in the network 
(Golbeck, 2013). 
Between centrality: it measures the extent to which a node falls on the geodesic path between the 
pair of node in the network. The more the connections depend on the node, the more powerful the 
node is (Suerdem and Bicquelet, 2014). 
 
 
LITERATURE REVIEW 
This study follows the trail of earlier studies to construe maps of knowledge fields. Hjørland 
(2007) stated that, according to Bonitz (2007), this idea of mapping was first formulated by Wilhelm 
Ostwald in 1919, Garfield Eugene produced a major map of knowledge in biochemistry (also known 
as atlas of biochemistry) and White and McCain produced similar map in 1998. The mapping of 
subject-matter specialties of scientific research in a given period was carried out using combination 
co-citation analysis and word analysis. Hence, it investigated the coherence of research topics within 
sets of publications and differences in research topics between sets of publication citing different 
clusters (Braam, Moed, and Van Raan, 1991). 
Liu and Wang (2005) used intercitation data from selected 65 demography-related journals from 
Journal Citation Reports (JCR) of the Social Sciences Citation Index (SSCI) between 2000 and 2003 
to map the intellectual structure in a valued directed network at threshold value ≥ 0.038. The network 
depicts twelve identifiable hierarchical clusters that classified the journals in respect of their subject 
relatedness accordingly. The study identified that 16 demography journals were clustered close to one 
another, hence split into different subject specialties. Moreover, citation percentage analysis amongst 
the selected journals demonstrated how demographic information travels within and across the 
disciplinary boundaries. In broad sense, this study revealed that interrelationships and 
interdisciplinary among demography-related journals is significant. 
White and McCain (1998) conducted factor analysis of 120 top ranked authors of information science 
cited in 12 journals between 1972 and 1995, which showed an author's contribution to more than one 
specialty. The mean co-citation counts of these authors indicated their influence in the field as of 
1972-1979, 1980-1987, 1988-1995 and at the end of the three periods combined. This work on author 
co-citation tends to affirm the claim of post 1970 paradigm shift - other fields are embracing 
information science. 
Zhao and Strotmann (2008a) pointed out that citation network based on shared references was 
firstly carried out by Kessler in 1963. In Zhao and Strotmann (2008a) study, they obtained data from 
Web of Science database to conduct an earlier study on an author co-citation analysis which covers 
Information Science field during 1996 - 2005 (Zhao and Strotmann, 2008b) and later author 
bibliographic coupling using earlier data set of author co-citation analysis. The later work was 
evaluated and compared with the former, whether it is an effective mapping approach. The result 
shows that both approaches support each other; providing a clear view of the intellectual structure of 
the IS field than using any of the two approaches alone. 
Jarneving (2007) applied bibliographic coupling techniques in collaboration with link cluster 
method for mapping the field of organic chemistry to generate cognitive core document called 
bibliographic clique in the field. The defining feature of these cliques is that they can be considered 
complete graphs where each bibliographic coupling link ties an unordered pair of documents. 
Therefore it presumed that if coherent groups of documents in the research are found, then such 
groups of document are eventually coherent intellectually. 
In alternative to classic bibliographic coupling (cBC) that takes common reference as a point 
measure, Sándor (2014) proposed an age-sensitive bibliographic coupling (asBC) that also 
incorporated age of journals article to detect group of related journals based on their intellectual 
descendancy, that is citation links. Therefore two papers are related if and only if they have recent 
references in common. The output of the study showed that the new approach, asBC produced a 
refined document clusters that represented the historical development of the thematic structure of 
corpus than the classical approach. 
In general, there appeared to be a single cocitation research work on doctoral theses using 
cited authors of the journals as a unit of analysis as in the case of Olatokun & Makinde (2009) where 
21 cited authors in animal science discipline were selected for author cocitation map using 
multidimensional scaling to provide graphical representation of cited author proximities. In our study, 
we will be exploring the intellectual structure of science doctoral students' citations using journal as a 
unit of analysis. The study will also look into the structural features of citation network, most 
persuasive journals and degree of association between the science disciplines in term of shared 
references. 
 
 
METHOD 
 The methodological approaches employed in the analysis of data were: 1) network analysis 
and 2) descriptive and inferential statistical analysis to describe and interpret applicable variables of 
interest accordingly. 
Data Collection  
The citation data for this study was collected from doctoral theses in the Faculty of Science 
between 2006 and 2013. This citation window was chosen based on the available number of theses in 
the University Library (Kenneth Dike Library) as at the time of data collation for this study. And also 
the starting year (2006) was considerable chosen to attract theses and citation data from some 
disciplines that started PhD program not long ago in order to give reasonable chance of a finding 
relationship between the disciplines. The breakdown of the dataset from 124 theses across the ten 
disciplines in the Faculty of Science is shown in Table1. 
Table 1: Journal citations across the science disciplines 
Discipline (department) 
Number of theses 
submitted  
(2006 -2013) 
Total cited journal 
Archaeology and Anthropology 3 43 
Botany and Microbiology 22 779 
Chemistry 36 1,187 
Computer Science 3 42 
Geography 4 236 
Geology 12 310 
Mathematics 3 86 
Physics 9 113 
Statistics 17 191 
Zoology 15 690 
Total 124 3,677 
In previous citation studies, units of analysis such as dissertations, theses, journals etc. were 
retrieved electronically from digital database (Kim, 1997; Haycock, 2004; Sándor, 2014). However, 
owing to the lack of an institution repository in the University of Ibadan, the theses that formed the 
unit of analysis were retrieved physically from the University Library using the proceedings of 
University of Ibadan graduation ceremonies from 2006 to 2013. The following variables (data) of 
interest were captured in two categories: thesis identification details and cited journals. The thesis 
identification details were: (i) author’s name, (ii) thesis title, (iii) year of thesis submission and (iv) 
author’s department while for cited journals is (v) journal titles. 
 
 
Data Extraction 
  Handy scanners were used to scan the needed data pages, convert them to PDF (portable 
document format) format, extracted with Adobe OCR (optical character reader) application and 
moved to MS-excel for data preprocessing. 
 
DATA ANALYSIS 
Although 21,005 citations were made, in which 14,205 journal titles were cited across the 
Faculty of Science within 2006 and 2013, 2,905 distinct journal titles were identified (11,300 
duplicates titles were removed). Before analysis, data files were cleaned by correcting variance in 
thesis-author name, journal name and the data were categorized by department. Extracted data were 
quantitatively analyzed using the following software namely: MS-Excel, Statistical Package for Social 
Science (SPSS) and Citation analysis Software. The major citation analysis tools used were Bibexcel, 
UCINET and Pajek. 
Bibexcel was used to create Pajek files. The Pajek files include network files (NET-file), 
vector files (VEC-files), and cluster files (CLU-files). These files were then imported into Pajek 
application through their respective channel. For Bibexcel data recognition, the variable of interest for 
co-citation and co-referencing analysis was extracted into Web of Science (WoS) convertible format. 
The co-cited frequency was later imported to UCINET for directed journal co-citation map by its 
NETDraw component. Pajek was used to visualize the joint cluster map among co-cited journals and 
to depict the coupled journal counts among the science disciplines. 
 
RESULT 
Directed Co-citation Network 
Bibexcel was used to transform data and match pair of unit to a sum of 1,275 co-cited 
journals. The co-citation data were imported to MS-Excel for normalization and later to UCINET for 
detailed network structure and then directed co-citation network. The criteria used for selecting 
journals for journals co-citation network analysis were: the journal should be from the bibliographies 
of sampled theses that this study covered; it should be a core science journal; it should be cited in at 
least four distinct science disciplines regardless of its number of citations in those disciplines since co-
citation of journals at the faculty level were of interest not at the departmental level. Table 2 presents 
the list of 51 journals selected for co-citation analysis. 
 
Table 2: Citing and percentage of selected journals 
Journal 
No. of 
citation 
% 
citation 
 
Journal 
No. of 
citation 
% 
citation 
African Journal of 
Biotechnology 59 0.42 
 
Journal of Ecology 31 0.22 
Agriculture Ecosystems and 
Environment 8 0.06 
 
Journal of Environmental 
Quality 61 0.43 
Agronomy Journal 10 0.07 
 
Journal of Geology 24 0.17 
Applied Geochemistry 26 0.18 
 
Journal of Geophysical 
Research 36 0.25 
Australian Journal of Soil 
Research 8 0.06 
 
Journal of Hydrology 15 0.11 
Bulletin Geological Society 
of America 21 0.15 
 
Journal of Plant Nutrition 
and Soil Science 6 0.04 
Bulletin Geological Survey 
Nigeria 35 0.25 
 
Journal of Toxicology 11 0.08 
Bulletin of Environmental 
Contaminant and 
Toxicology 14 0.10 
 
Journal of Tropical 
Geography 5 0.04 
Bulletin of the World 
Health Organization 40 0.28 
 
Lakes Reservoir Resource 
Management 1 0.01 
C. R. Acad. Sci. Paris 5 0.04 
 
Lloydia 9 0.06 
Canadian Geotechnical 
Journal 8 0.06 
 
Marine Geology 9 0.06 
Canadian Journal of 
Fisheries and Aquatic 
Sciences 10 0.07 
 
Nature 129 0.91 
Chemosphere 44 0.31 
 
New Phytologist 17 0.12 
Environment International 34 0.24 
 
Nigerian Agricultural 
Journal 4 0.03 
Environmental Geology 49 0.34 
 
Nigerian Journal of Science 34 0.24 
Environmental Monitoring 
and Assessment 27 0.19 
 
Proceedings of National 
Academy of Science 78 0.55 
Environmental Pollution 134 0.94 
 
Science 114 0.80 
Environmental Research 12 0.08 
 
Soil Biology and 
Biochemistry 12 0.08 
Environmental Science and 103 0.73 
 
Soil Science 49 0.34 
Technology 
Environmental Studies 9 0.06 
 
Soil Science Society of 
America Journal 62 0.44 
Environmental Toxicology 
and Chemistry 24 0.17 
 
The Environmentalist 12 0.08 
Geoderma 24 0.17 
 
The Science of the Total 
Environment 100 0.70 
International Journal of 
Epidemiology 7 0.05 
 
Waste Management and 
Research 14 0.10 
Journal of African Earth 
Sciences 21 0.15 
 
Water Air and Soil 
Pollution 45 0.32 
Journal of American 
Medical Association 7 0.05 
 
Water Resources Bulletin 26 0.18 
Journal of Applied Sciences 13 0.09 
    
 
Figure 1:  Directed co-citation network of journals in science discipline 
Figure 1 presents the map of co-citation network analysis of cross disciplinary scholarly 
works used in the context of science disciplines in the University of Ibadan between 2006 and 2013. 
A threshold of vertex of journal having less than 4 lines or edges was set to reduce the complexity and 
blurriness of mapping. This explained the reason why Bulletin Geological Survey of Nigeria and 
Journal of Tropical Geography were aloof with no edge. This reduction gives a clear and better image 
outlook. 
The journals that are often cited together are closed to one another as well as journals that are 
co-cited with many other journals tends towards the central while those with fewer journals lied 
towards the outskirt of the map (Pilkington and Meredith, 2008). 
Network structure 
For further insight into the journal co-citation network characteristics and attributes, this study 
generated five random networks considering the need to determine whether the network key attributes 
values were high or low (Jo, Jeung, Park, and Yoon, 2009). The five random networks were generated 
using binomial distribution with the same selected 51 number of journals to compute density, 
centralization, and compactness, and compare the mean values of these network indices with the 
corresponding journal citation network values. The following are the descriptive statistics comparison 
that explained the role of the nodes within the network. 
Table 3: Key attributes of the journal citation network and random network 
Item 
 
Network value of 
journal citation 
network 
Mean value of 5 
random 
networks 
Network size 51 51 
Numbers of ties (connected edges) 1275 1311 
Overall density (average matrix value) 0.500 0.514 
Network centralization (outdegree) 0.520 0.172 
Network centralization (indegree) 0.520 0.168 
Network cohesion (compactness)  0.500 0.757 
Mean of geodesic distances (paths) among reachable pair  1.5 1.5 
The computational output of the UCINET shows that the mean value of the five random 
networks have the same value for geodesic distance, close values for density and compactness while 
network centralization: both outdegree and indegree values varies significantly when compared with 
journal citation network values.  
Factor analysis 
This study deployed factor analysis, a multidimensional scaling approach using co-citation 
matrix data which were exported to SPSS to gain more insight as regards the relationship among the 
journals. Factor analysis is a data reduction techniques used to identify groups of related journals 
called factor. Each group of journals are factor loadings for each of those factors (Pilkington and 
Meredith, 2008). 
Table 4:  Factors extracted for cited journals for the period 2006 – 2013 
   Factor 1 Factor 
2 
Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 
No of journals 45 16 10 7 6 4 4 
Variance 26.12 7.35 5.42 3.99 3.33 2.09 1.8 
explained 
% of total 
variance 
explained 
51.21 14.41 10.63 7.82 6.54 4.1 3.53 
Principal components were employed for factors extraction and their correlations. A threshold 
of 1 was set as a minimum eigen value for factor selection. In line with previous citation studies of 
Nerur, Rasheed and Natarajan (2008) and Olatokun and Makinde (2009), only journals with loadings 
above ±0.4 were included in a factor. Journal titles on the same factor are usually mentioned together. 
The power of factors diminishes to the right i.e. journals whose sphere tends to be transinfluential 
beyond one specialty in science disciplines load on more than one factor. The amount of variance 
explained by a factor may be construed as its contribution to the conceptual foundation of the field 
(Nerur, Rasheed and Natarajan, 2008). The foremost notable fact knowledge group is factor 1 which 
explained 51.21% of the variance by itself. This group represent 88% of the entire selected journals. 
All the journals that are cited in more than four disciplines are inclusive. The other six remaining 
factors explained almost the 48% of the variance. 
The appearance of a journal in more than one factor is not based on its citation weight but 
rather is a function of the relationship the journals have with other journals in the network likewise the 
influence of the journal that cut-across (Nerur, Rasheed and Natarajan, 2008). For example, Nature 
was the most cross disciplinary journal (cited in 8 disciplines) has relatively low factor loadings 
(0.605, 0.505, and 0.440 under Factor1, Factor 6 and Factor 7 respectively) compared to Environment 
International (0.936 under Factor 1 only). However, the fact that Nature loads on more than one factor 
implies that it has a far-reaching influence on the science disciplines as a whole (Andrew, 2003; 
Nerur, Rasheed and Natarajan, 2008). 
Journal Bibliographic Coupling Network 
The principle of bibliographic coupling assumes that Journal A and Journal B are 
bibliographically coupled if they cite one or more journal articles in common. As asserted that the 
more co-citation two documents receive, the more related they are (Gipp and Beel, 2010), so as the 
more bibliographic coupling citation two documents receive, the more related they are (Zhao and 
Strotmann, 2008a). Empirically, in this study, the basic similarity between two disciplines 
(departments) is given by 
𝑆𝐵𝐶(D1, D2) = ∑ Dref1(i) ∗  Dref2(i)
𝑛
𝑖=1
 
𝑆𝐵𝐶(D1, D2)  is the absolute number of references shared among D1 and D2. Based on these same 
tuple of referred publications in a particular discipline, Dref denotes whether the i-th reference is 
present among the references of D1, and may take the corresponding value of 1 or 0, so as for D2, 
where 𝑛 is the number of all references belonging to either D1 or D2.  
The above notion was based methodologically, as Sándor (2014) purported that the 
relatedness of two publications P1 and P2, considering the vectors REF1 and REF2 of their respective 
sets of references, where n is the number of all reference belonging to either P1 or P2.  
 
𝑆𝐵𝐶(P1, P2) = ∑ REF1(i) ∗  REF2(i)
𝑛
𝑖=1
 
 
 In this context, Discipline (D1) and Discipline (D2) are bibliographically coupled if they cite one or 
more journal titles in common. The more bibliographic coupling citation two disciplines receive, the 
more related they are. The details of the units of the journal shared between the disciplines in Faculty 
of Science, University of Ibadan is shown below. 
 
Figure 2: Units of journal shared in science disciplines 
The journal coupling analysis revealed the underlying relationship between the science 
disciplines in respect to numbers of cross disciplinary shared journals that had played a pivotal role 
between those disciplines. The edges in the map at Figure 2 had shown intertwined relationship 
between disciplines with their respective edge values quantifying the degree of relationship. The 
higher the edge value, the stronger the relationship between the disciplines. This implies that the 
higher the number of shared journals between two or more disciplines, the stronger the relationship 
between those disciplines.   
 
DISCUSSION 
On the first research question, this study showed that the underlying structural network is 
characterised with averagely dense value of 50%, with better network centralization of indegree and 
outdegree of 52% each, cohesion (compactness) of 50% and with geodesic path of 1.5. The overall 
comparison of these network attributes with the average of five randomly generated one showed that 
the network structure relatively merit the random generated network, as also shown in the study of Jo, 
Jeung, Park, and Yoon (2009). This implies that the network structure shared properties of small 
world network based on how fairly it was centralised and the miniature mean of geodesic distances 
(average shortest path) in the network. Golbeck (2013) defines small world as a network that has high 
average clustering co-efficient i.e. high average network density and overall paths between any two 
nodes (geodesic distance) is relatively small. However, this study cannot resoundingly claim that the 
citation network exactly fits into small-world network as result of average density of the network (Jo, 
Jeung, Park, and Yoon, 2009). 
As regard research question two, principal component analysis were able to extract seven 
components, meaning that there were seven knowledge related subgroups identified from the science 
doctoral students' theses citations. The first subgroup constituted 88% of the journals which explained 
51.21% of the variance and the second subgroup constituted 31.37% of the journals which explained 
14.41% of the variance while the two subgroup (six and seven)  both constituted 7.84% (4 journals) 
each which explained 4.1% and 3.53% of the variance respectively.  
The onus on this study is to clearly identify each of these distinct subgroups, however there 
were indications that these subgroups are high related. This assertion was supported by the fact that 
almost 88% of the journals were in the first subgroup (factor 1) although in line with the criteria for 
co-citation analysis, the selected journals must be cited at least in four disciplines. Seconded to this 
fact, the resultant map with ties between the nodes, loosely linked or evenly linked, delineated a co-
citation map which obviously represents the first factor. From the map, Bulletin Geological Survey 
Nigeria, and Journal of Tropical Geography were aloof (not connected) to other journals while Lakes 
Reservoir Resource Management, C. R. Acad. Sci. Paris, International Journal of Epidemiology, and 
Journal of American Medical Association were highly skewed nodes in the network. These were all 
exempted journals from the major subgroup (factor 1). 
The research question three asks, which of the journals are the most influential on the science 
disciplines? How influential a journal is, could be determined if it loads in more than one factors that 
is, such journal appear in more than one subgroup (Nerur, Rasheed and Natarajan, 2008). The journals 
that have pervasive influence among science doctoral students' cited journals were journals that 
appeared in more than one subgroup which constituted almost 63% of the selected journals for co-
citation network. The journals that appeared in two subgroups were 45.09% and the most pervasive 
influential journals appeared in three subgroups which constituted 17.64% namely: Nature, 
Proceedings of National Academy of Science, African Journal of Biotechnology, Australian Journal 
of soil research, Soil Science, Journal of Environmental Quality, Journal of Applied Sciences, 
International Journal of Epidemiology, and Journal of Tropical Geography. 
The last research question as regard percent of shared or coupled journals among the science 
disciplines considered the entire science doctoral students’ cited journal population. The entire 
referenced journal titles across science disciplines were 2,905, of which 18% (524) journals were 
jointly cited in two or more disciplines; 11.9% (346) journals co-referenced in not less than two 
disciplines; 4.3% (127) journals in three disciplines while 1.3% (38) journals also appeared in four 
disciplines. Other percentage shared units were relatively very small, they constituted 0.3% and 
0.06% of journals co-referenced in four and five disciplines respectively while 0.03% i.e. one single 
journal was referenced in eight disciplines. As explicitly shown in Figure 2, the numbers of shared 
journals between the disciplines indicates their degree of relation. This implies that strong relationship 
between Botany &Microbiology and Chemistry disciplines had the highest number of bibliographic 
coupled journals, followed by Chemistry and Zoology, then Botany &Microbiology and Zoology and 
so on. While weak relationship were exhibited between Archaeology & Anthropology and the 
following disciplines: Botany & Microbiology, Zoology, and Chemistry; Geography and 
Mathematics, and lastly Computer Science and Geology were also weakly coupled. 
 
LIMITATION 
The limitation to this study is inability to fully capture and display the exact underlying 
intellectual structure of the field. As this study chosen a journal as the unit of analysis to 
accommodate many articles from diverse related fields, enhance likelihood of co-referencing much 
journals among the disciplines and this tends to increase their degree of relation. However, this has 
also posed a great challenge to this study in identifying subgroups (specialties) among the citation 
data – thus journal cannot be categorically presumed in a particular specialty like an article, rather it 
cut across many specialties in science. This may had presented some challenges in identifying 
subgroups and in result interpretation. 
 CONCLUSION 
The goal of this study is to delineate the intellectual structure of science disciplines in Faculty 
of Science, University of Ibadan based on doctoral students' journal citations and explore the 
underlying subfields and the degree of relation among the disciplines. In accomplishing these 
objectives, we conducted journal co-citation analysis to produce journal network citation, dissected 
the structural characteristics of the network to details, performed factor analysis (principal component 
analysis) to discern underlying subgroups in the field and lastly carried out a tailored bibliographic 
coupling of journals to examine the degree of relation among the science disciplines.  
The structural characteristics of the network itself had fairly positioned shown the network in 
terms of cohesion, density, geodesic path and network centralisation when compared with the average 
values of random network. The journal citation network features where assumed to have shared some 
of the characteristics of small-world network, however such assertion cannot yet be substantiated. 
A factor analysis of the co-citation data revealed seven related subgroups, with the first 
subgroup (factor 1) contained almost 88%of the entire journals. A directed journal co-citation map 
was also delineated to hone the principal component analysis thus sheds light on the citation network 
in the field. The graphical analysis only visualised factor loaded under first subgroup 1 (factor 1) 
while other subgroups were not represented. Also each of these subgroups cannot be explicitly stated, 
perhaps as result of the journal chosen as a unit of analysis had beclouded its underlying diverse 
subfields. All these had called for further investigation in to the study which may be addressed in 
future study. Interestingly, the factor analysis also revealed journals that loaded in more than one 
factor, meaning that such journal could be regarded as influential across those disciplines. The more 
the journal is loaded in many factors, the stronger the journal is. Somewhat the analysis showed that 
journals loaded in three factors were the most influential on the subgroups, thus most influential 
journals constituted 18%, proximately. 
The entire citation data were considered for the co-referencing analysis. The outcome showed 
that 2,905 cited journal titles across the Faculty of Science, 524 journals were bibliographically 
coupled in two or more disciplines, 346 journals distinctly appeared in two disciplines and so on. 
Based on this outcome, the contributions of science disciplines towards interdisciplinary relationship 
were stratified into three: 
i. First ranked strata are Botany and Microbiology, Chemistry, and Zoology disciplines. The 
journals cited in these disciplines are major key players in interdisciplinary relationship. They 
contributed 23.5%, 29.9%, and 21.4% respectively. 
ii.  The second ranked strata are Geography, Geology, Physics and Statistics disciplines in which 
cited journals contributed 8.3%, 9.0%, 4.1% and 2.3% respectively. 
iii. The third ranked strata are Archaeology and Anthropology, Computer Science and 
Mathematics disciplines with miniature impact, 0.4%, 0.3% and 0.9% interdisciplinary contribution 
respectively. 
 
FURTHER STUDIES 
A novelty approach to a future study could be through aggregating the clusters into 
intellectual themes using author co-citation analysis with a broad citation window to encompass 
enough authors. This will reveal clearly the foci and orientation of the studies in the science 
disciplines. 
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APPENDIX A 
The list of journals (factor loadings) 
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Fact or6 Factor 7 
Environment 
International 
Agriculture 
Ecosystems and 
Environment 
The Science of 
the Total 
Environment 
Marine 
Geology 
Australian 
Journal of soil 
research 
Agronomy 
Journal 
Science Nature                                               
Environmental 
Pollution 
Soil Biology and 
Biochemistry 
Journal of 
Hydrology 
Journal of 
African 
Earth 
Sciences 
Journal of 
Environmenta
l Quality 
Journal of Plant 
Nutrition and 
Soil Science 
Nigerian 
Agricultural 
Journal 
Lakes 
Reservoir 
Resource 
Management 
Canadian 
Geotechnical 
Journal 
Lloydia Environmental 
Monitoring 
and 
Assessment 
Environment
al Research 
Proceedings 
of National 
Academy of 
Science 
Australian 
Journal of soil 
research 
Nature 
Journal of 
Applied 
Sciences 
Nigerian 
Journal of 
Science 
Journal of 
Ecology 
New 
Phytologist 
Environment
al Geology 
African 
Journal of 
Biotechnology 
Soil Science International 
Journal of 
Epidemiology 
Journal of 
Tropical 
Geography 
Environmental 
Science and 
Technology 
Environmental 
Research 
Agriculture 
Ecosystems 
and 
Environment 
Waste 
Management 
and 
Research 
C. R. Acad. 
Sci. Paris 
Journal of 
Environmental 
Quality 
  Geoderma Environmental 
Geology 
Soil Biology 
and 
Biochemistry 
Soil Science International 
Journal of 
Epidemiology 
Journal of 
American 
Medical 
Association 
  Water Air and 
Soil Pollution 
Waste 
Management and 
Lloydia Proceedings 
of National 
Journal of 
Tropical 
   
Research Academy of 
Science 
Geography 
Canadian 
Journal of 
Fisheries and 
Aquatic 
Sciences 
Agronomy 
Journal 
Journal of 
Ecology 
African 
Journal of 
Biotechnolo
gy 
    The 
Environmentalis
t 
Journal of Plant 
Nutrition and Soil 
Science 
Journal of 
Geology 
Journal of 
Applied 
Sciences 
    Applied 
Geochemistry 
Australian 
Journal of soil 
research 
Environmental 
Studies 
Journal of 
Tropical 
Geography 
    Water 
Resources 
Bulletin 
Soil Science Lakes 
Reservoir 
Resource 
Management 
     The Science of 
the Total 
Environment 
Nigerian 
Agricultural 
Journal 
Bulletin 
Geological 
Society of 
America 
     Journal of 
Hydrology 
Journal of 
Environmental 
Quality 
Journal of 
Geophysical 
Research 
     Bulletin of the 
World Health 
Organization 
Nature                                               Soil Science 
Society of 
America 
Journal 
     Bulletin of 
Environmental 
Contaminant 
and Toxicology 
Proceedings of 
National 
Academy of 
Science 
Bulletin 
Geological 
Survey Nigeria 
     Journal of 
Toxicology 
African Journal 
of Biotechnology 
International 
Journal of 
Epidemiology 
     Environmental 
Toxicology and 
Chemistry 
Journal of 
Geology 
      Chemosphere Environmental 
Studies 
      Science Bulletin 
Geological 
Society of 
America 
      Marine Geology Journal of 
Geophysical 
Research 
      Journal of 
African Earth 
Sciences 
Soil Science 
Society of 
America Journal 
      Environmental 
Monitoring and 
Assessment 
Journal of 
Applied Sciences 
      New Phytologist  
      Total variance explained: 98.24% 
Journal titles with loadings ≥ ± 0.5 are shown in italics 
